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(57) An inspection apparatus which automatically 
inspects a bottom border portion of a transpa- 
rent glass vessel for a foreign article accurately 
is disclosed. Light is projected and received by 
way of first and second polarization filters (15, 
18) through a rotating glass vessel (1) to image 
the vessel (1) obliquely from below by a camera 
(16) including a plurality of solid state image 
pickup elements. Brightness values of outputs 
of the elements of the camera (16) are com- 
pared with respective threshold values and are 
determined as abnormality values when they 
are higher. The threshold values are varied and 
the abnormality values are corrected in accord- 
ance with the positions of the elements of the 
camera (16), and then presence or absence of a 
foreign article is determined from the corrected 
abnormality values or the sum of them. 
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1. Field of the Invention 

This invention relates to an apparatus for inspect- 
ing a bottom border portion (a circumferential corner 
portion of the bottom and a portion around the circum- 
ferential corner portion) of a transparent glass vessel 
to check whether or not a foreign article is present in 
the glass material of the bottom border portion. It is 
to be noted that, in the present specification, the ter- 
minology "transparent glass vessel" is intended to in- 
clude not only literal transparent glass vessels but 
also translucent glass vessels and may be colorless 
or colored. 

2. Description of the Related Art 



tery, porcelain, metals such as aluminum, and heat 
resisting glass other than a raw material of glass for 
glass vessels to be recycled, and therefore, it is tried 
to remove such substances to the utmost. However, 
s since they cannot be removed completely, they re- 
main as foreign articles in a glass vessel as a product. 

Where such foreign articles are present in a body 
portion or a bottom portion of a glass vessel, they can 
be found out almost by an inspection apparatus of the 
10 horizontal type or the vertical type described above, 
and accordingly, particularly at a content filling step 
after shipment of products of glass vessels, an acci- 
dent of breakage caused by a foreign article present 
in a bottom portion or a bottom portion of a glass ves- 
ts sel seldom occurs. However, since a foreign article in 
a bottom border portion of a glass vessel cannot be 
found out with a conventional inspection apparatus 
as described hereinabove, although the bottom bor- 
der portion has a greater thickness of material than 
the other portions of the glass vessel, it is a situation 
at present that accidents of breakage at the bottom 
border portion arising from presence of a foreign ar- 
ticle there increase as the amount of use of collected 
cullet increases. 

It is an object of the present invention to provide 
an inspection apparatus for a foreign article which 
can automatically perform inspection to determine 
whether a foreign article is present at a bottom border 
portion of a transparent glass vessel such as a glass 
bottle. 

In order to attain the object described above, ac- 
cording to the present invention, there is provided an 
apparatus for inspecting a bottom border portion of a 
transparent glass vessel for a foreign article, which 
comprises rotation means for rotating a transparent 
glass vessel around a vertical axis at an inspection 
position, a diffusion light source, a first polarization 
filter arranged in front of the diffusion light source 
and having a vertical optical axis for polarizing light 
from the diffusion light source and projecting the po- 
larized light upon the transparent glass vessel, a solid 
state image pickup element camera disposed with an 
angle of depression with respect to the axis of the 
transparent glass vessel for imaging a bottom border 
portion of the transparent glass vessel obliquely from 
below on the opposite side to the first polarization fil- 
ter with respect to the transparent glass vessel, a sec- 
ond polarization filter having a polarization axis per- 
pendicular to that of the first polarization filter and ar- 
ranged for introducing the light polarized by and 
transmitted through the transparent glass vessel into 
the solid state image pickup element camera, image 
fetching means for fetching outputs of solid state im- 
age pickup elements of the solid state image pickup 
element camera at a period conforming to a speed of 
rotation of the t ransparent glass vessel by the rotation 
means, storage means for storing the outputs thus 
fetched as digital values for at least one rotation of the 



Apparatus for inspecting a glass vessel for a for- 
eign article which are used popularly are roughly div- 
ided into two types including an inspection apparatus 
which is used to principally inspect a body portion of 20 
a vessel and includes a diffusion light source and a 
solid state image pickup element camera arranged in 
a horizontally opposing relationship to each other with 
a vessel as an object for inspection interposed be- 
tween them and another inspection apparatus which 25 
is used to principally inspect a bottom portion of a ves- 
sel and includes a diffusion light source and a solid 
state image pickup element camera arranged in a 
vertically opposing relationship to each other with a 
vessel as an object for inspection interposed between 30 
them. 

However, it is actually difficult to inspect a bottom 
border portion of a glass vessel using an inspection 
apparatus of the horizontal arrangement type since, 
at a bottom portion of a vessel, the light path along 35 
which light from a light source passes through the 
glass material is comparatively long and attenuation 
of the lightthere is so great that, if the bottom portion 
is curved, then the light cannot pass through it due to 
refraction there. 40 

Meanwhile, with an inspection apparatus of the 
vertical arrangement type, a bottom portion of a ves- 
sel is imaged by a camera through a mouth portion of 
the vessel. However, it is difficult to inspect a bottom 
border portion (a bottom circumferential corner por- 45 
tion and around such portion) due to reflection of light 
at an inner wall face of the vessel or refraction of light 
caused by a variation in shape, and particularly for a 
vessel having a small mouth, since the field of view 
of the camera to the bottom portion of the vessel is so 
narrowed by the small mouth, a bottom circumferen- 
tial corner portion cannot be inspected with the in- 
spection apparatus of the vertical arrangement type. 

By the way, cullet (fragments of glass) collected 
from the city is recycled as a raw material for giass 55 
vessels as a part of recycling of glass vessels. How- 
ever, such cullet collected from the city normally con- 
tains a large amount of substances, for example, pot- 
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transparent glass vessel, abnormal value detection 
means for comparing the magnitude of the digital val- 
ues with threshold values set for the individual solid 
state image pickup elements in accordance with their 
positions and determining the numbers of times by 
which the threshold values are exceeded as abnor- 
mality values, correction means for multiplying the 
abnormality values by correction coefficients deter- 
mined in accordance with the positions of the solid 
state image pickup elements, and foreign article pres- 
ence/absence determination means for determining 
presence or absence of a foreign article in the trans- 
parent glass vessel from the corrected abnormality 
values. 

Preferably, the angle of depression of the solid 
state image pickup element camera is 50 to 60 de- 
grees, more preferably about 55 degrees. 

Preferably, the foreign article presence/absence 
determination means sums up the corrected abnor- 
mality values only for a preset inspection area and 
compares the sum value with a prescribed value to 
determine presence or absence of a foreign article. 

When light from the diffusion light source is pro- 
jected upon a transparent glass vessel through the 
first polarization filter to pick up an image of a bottom 
border portion of the transparent glass vessel obli- 
quely from below by means of the solid state image 
pickup element camera, although the bottom border 
portion exhibits a great variation in shape at inner and 
outer faces thereof, an image formed from transmit- 
ted light can be picked up without producing a shadow 
caused by refraction of the glass. 

The light from the diffusion light source is verti- 
cally polarized by the first polarization filter, and when 
no foreign article is present in the transparent glass 
vessel within the field of view of the camera, the light 
transmitted through the glass vessel is intercepted by 
the second polarization filter. Consequently, no bright 
portion appears in the image picked up by the cam- 
era. In contrast, when a foreign article is present at 
the bottom border portion of the glass vessel, light 
which is transmitted through a distorted portion of the 
glass vessel around the foreign article is polarized 
there and is transmitted through the second polariza- 
tion filter without being intercepted by the same so 
that it appears as a bright portion in the image picked 
up by the camera. Since such bright portion arises 
from the light transmitted from the portion of the 
transparent glass vessel around the foreign article, it 
is observed as an image larger than the image of the 
foreign article itself. 

Since an image of the bottom border portion of 
the glass vessel is picked up obliquely from below by 
the solid state image pickup element camera, as 
viewed from the camera, the length of the path of light 
transmitted through the glass vessel is different at 
different locations and also the degree of attenuation 
of the transmitted light is different. Further, where 



such a convex or concave portion as a character or a 
design pattern is present on an outer face of the bot- 
tom of the glass vessel, weak light which is not pro- 
duced by polarization may possibly enter the camera 

5 due to light reflected or reflected by such portion. In 
order to cope with such circumstances, the threshold 
value which is used to determine and binary digitize 
an output (brightness level) of a solid state image 
pickup element of the camera must necessarily be 

w varied for each of the solid state image pickup ele- 
ments in accordance with its position on the glass 
vessel. 

Further, according to the present invention, 
since, while the glass vessel is being rotated, an im- 

15 age of the bottom border portion of the glass vessel 
is picked up obliquely from below by means of the sol- 
id state image pickup element camera and the out- 
puts of the solid state image pickup elements of the 
camera are fetched at a period conforming to the 

20 speed of rotation of the vessel, also the time for which 
transmitted light originating from a foreign article en- 
ters the field of view of the camera depends upon the 
position of the foreign article, and even if the foreign 
article the same size, the speed of movement of the 

25 foreign article is lower and the time within which the 
foreign article remains within the field of view is lon- 
ger as the position of the foreign article is nearer to 
the center of the bottom. On the contrary as the for- 
eign article is nearer to a bottom border portion, the 

30 speed of movement is higher and the time within 
which the foreign article remains within the field of 
view is shorter. In other words, even if the size of the 
foreign article is equal, the size of the bright portion 
in the picked up image of the camera is different de- 

35 pending upon the difference in position of the foreign 
article on the glass vessel. In the present invention, 
since the numbers of times by which the digital values 
upon fetching of the outputs of the solid state image 
pickup elements of the camera exceed the threshold 

40 values are determined as abnormality values, that is, 
the size of the bright portion, the difference in size of 
the bright portion which arises from the difference in 
position is compensated for by correction of the ab- 
normality values and presence or absence of a for- 

45 eign article is determined from the thus corrected val- 
ues. By such means, an article sticking to the surface 
of the object for inspection or a convex or concave de- 
sign pattern which is imaged apparently with a great- 
er size because it is located close to the center of the 

so bottom and has such a brightness that exceeds a 
threshold value upon binary digitization is eliminated, 
and wrong determination caused by such article or 
convex or concave design pattern can be prevented. 
In summary, with the inspection apparatus of the 

55 present invention, with attention paid to the fact that, 
when a foreign article is present in a bottom border 
portion of a transparent glass vessel, light is polarized 
by a distorted portion of the transparent glass mate- 
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rial around the foreign article, light is projected and re- 
ceived by way of the first and second polarization fil- 
ters, and although the transparent glass vessel is im- 
aged obliquely from below while it is being rotated in 
order to facilitate imaging of the bottom border por- 5 
tion by the solid state image pickup elements of the 
camera, the threshold values for binary digitization of 
the outputs of the solid state image pickup elements 
are varied and abnormality values which are degrees 
of excess of brightness values above the threshold 10 
values are corrected in accordance with the positions 
of the solid state image pickup elements and then 
presence or absence of a foreign article is determined 
from the sum of the abnormality values. Consequent- 
ly, the determination can be performed accurately 1$ 
separately from a character, a convex or concave por- 
tion or the like other than a foreign article. According- 
ly, since inspection for a foreign article of a bottom 
border portion, which has been a blind point till now, 
can be performed with a high degree of accuracy, ac- 20 
cidents of breakage particularly at a contents filling 
step can be reduced, and the uneasiness when cutlet 
collected from the city is used can be eliminated. 
Consequently, the inspection apparatus can promote 
increase of the amount of use of such cullet and con- 25 
tribute to enhancement of recycling of glass vessels. 

The above and other objects, features and ad- 
vantages of the present invention will become appa- 
rent from the following description and the appended 
claims, taken in conjunction with the accompanying 30 
drawings in which like parts or elements are denoted 
by like reference characters. 

FIG. 1 is a schematic block diagram of an inspec- 
tion apparatus according to the present invention 
for detecting a foreign article; 35 
FIG. 2 is a schematic view illustrating the posi- 
tional relationship of a projector, a transparent 
glass vessel, and a solid state image pickup ele- 
ment camera of the inspection apparatus shown 
in FIG. 1; 40 
FIG. 3 is a diagrammatic view showing different 
image processing steps in (1) to (6) when a trans- 
parent glass vessel inspected is an acceptable 
article free from a foreign article; and 
FIG. 4 is a similar view but showing different im- 45 
age processing steps when a transparent glass 
vessel inspected has a foreign article. 
Referring first to FIG. 1 , there is shown an inspec- 
tion apparatus of the present invention for detecting 
a foreign article. The inspection apparatus shown in- so 
eludes a transparent glass vessel 1 in the form of a 
glass bottle which is an object for inspection and has 
been transported onto an inspection table 3 by trans- . 
port means not shown. The inspection table 3 has an 
inspection window 2 formed therein. The transparent 55 
glass vessel 1 is rotated around an axis thereof on the 
inspection table 3 by a rotation apparatus 4 while it is 
held erected uprightly. In this instance, the transpar- 



ent glass vessel 1 is rotated while it is positioned be- 
tween a rotation disk 5 and a holder 6, and the rotation 
disk 5 is rotated by a servomotor 8 by way of a speed 
reducer 7 while the speed of rotation thereof is detect- 
ed by a control apparatus 9 in the form of a computer. 
The inspection table 3 includes a fixed lower plate 3a 
made of aluminum or a like metal, and an upper plate 
3b made of a plastics material and mounted for sliding 
movement on the lower plate 3a. 

A projector 1 0 serving as a diffusion light source 
is installed at a location obliquely upwardly of the in- 
spection table 3. The projector 10 includes a fluores- 
cent lamp 12 accommodated in a box 11, a diffusion 
plate 13 for diffusing light from the fluorescent lamp 
12, and a projector power source 14 including a high 
frequency or dc lighting circuit for preventing flicker- 
ing of the fluorescent lamp 12. Af irst polarization filter 
15 having a vertical polarization axis parallel to the 
axis of the transparent glass vessel 1 is disposed in 
front of the diffusion plate 13 so that diffusion light 
from the projector 10 is vertically polarized by the po- 
larization filter 15 and irradiated upon the transparent 
glass vessel 1 obliquely from above. 

Meanwhile, installed at a location obliquely 
downwardly of the inspection table 3 is a solid state 
image pickup element camera 1 6 in the form of a CCD 
(charge coupled device) line image sensor which is 
directed so that it may pickup an image of a bottom 
border portion of the transparent glass vessel 1 on 
the inspection table 3 from obliquely below. As seen 
in FIG. 2, the angle 8 of depression of the camera 16, 
that is, the angle of the direction of the camera 16 with 
respect to the axis of the transparent glass vessel 1 
on the inspection table 3, is set to 50 to 60 degrees, 
preferably to about 55 degrees in order to avoid re- 
fraction light or reflection light from any other portion 
of the transparent glass vessel 1 than a foreign article 
to be detected. Further, in order that also upper and 
lower peripheral portions around the circumferential 
corner portion of the bottom of the transparent glass 
vessel 1 may be included in an inspection area, the 
projector 1 0 is set such that the top end of the projec- 
tion area of diffusion light thereof is positioned above 
an extension line 16a of the top end of the field of view 
of the camera 16 and the bottom end of the projection 
area of the diffusion light of the projector 1 0 is posi- 
tioned, taking a comparatively great amount of reflec- 
tion at the circumferential corner portion of the bot- 
tom of the transparent glass vessel 1 , below an exten- 
sion line 16b of the bottom end of the field of view of 
the camera 16 with a sufficient margin provided be- 
tween them. 

A condenser lens 17 is disposed in front of the 
camera 16, and a second polarization filter 18 is dis- 
posed in front of the condenser lens 17. The polari- 
zation filter 18 has a polarization axis perpendicular 
to that of the first polarization filter 15 described 
above so that only that portion of light polarized by the 
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first polarization filter 15 and irradiated upon the 
transparent glass vessel 1 which is further polarized 
by and transmitted through the transparent glass ves- 
sel 1 is transmitted through the second polarization 
filter 18 and enters the camera 16. 5 

An image processing apparatus 19 including a 
CPU (central processing unit), a memory and so forth 
not shown is connected to the camera 16, and as 
shown in (1) of FIG. 3, outputs of a set of solid state 
image pickup elements, 512 elements in the present w 
embodiment, of a line image sensor 20 of the camera 
16 are fetched into the image processing apparatus 
1 9 at a period conforming to the speed of rotation of 
the transparent glass vessel 1 in response to a timing 
signal from the control apparatus 9. The outputs thus 15 
fetched are converted into digital values and stored 
into the memory of the image processing apparatus 
1 9 by a prescribed number of times (for example, 512) 
for the time while the transparent glass vessel 1 com- 
pletes one rotation. In short, picked up image data for 20 
one rotation of the transparent glass vessel 1 are stor- 
ed as digital data into the memory in such a fashion 
that they are developed on a screen in a sense. (2) of 
FIG. 3 is a schematic view of an image (analog image) 
of such screen, and the axis of ordinate coincides with 25 
the direction of arrangement of the 512 solid state im- 
age pickup elements of the line image sensor 20 
while the axis of abscissa corresponds to the direc- 
tion in which fetching of the 512 outputs proceeds. 

After fetching and storage for one rotation are 30 
completed, the image processing apparatus 19 com- 
pares the data for one screen, that is, 512 x 512 data, 
stored in the memory thereof with respective thresh- 
old values which are determined differently in accor- 
dance with the positions of the solid state image pick- 35 
up elements of the camera 16 to binary digitize the 
data. (3) of FIG. 3 Indicates the brightness levels of 
the solid state image pickup elements upon fetching 
along line A-Ain (2) of FIG. 3 in an analog fashion, and 
such threshold values as indicated by a broken line 40 
are set in order to binary digitize the brightness levels. 
In this instance, where a character or a convex or con- 
cave portion is embossed at a particular location of 
the transparent glass vessel 1 and refracted light or 
reflected by such character or convex or concave por- 45 
tion is imaged as a bright portion of a low brightness 
by the camera 16, the threshold values for the corre- 
sponding portion are set somewhat higher than those 
for the other portion s so that such character or convex 
or concave portion can be eliminated as it is outside so 
the object for inspection. 

FIG. 3 illustrates the image processing steps 
when the transparent glass vessel 1 as an object for 
inspection is an acceptable article and shows that a 
plurality of protruded portions 21 representative of a 55 
model number code or the like are provided on the 
same circumferential line as shown in (1 ) of FIG. 3 and . 
images 21a of the protruded portions 21 appear as 



shown in (2) of FIG. 3 on the screen. Since the bright- 
ness values of such images 21 a are low, they can be 
eliminated in most cases by binary digitization proc- 
essing of them. However, it possibly occurs that the 
brightness may partially exceed threshold values for 
binary digitization as shown in (3) of FIG. 3 and an im- 
age there remains present as seen in (4) of FIG. 3 
even after binary digitization processing is per- 
formed. However, such a low brightness portion 
which does not originate from a foreign article can be 
eliminated by a process which will be hereinafter de- 
scribed. 

FIG. 4 illustrates the image processing steps 
when the transparent glass vessel 1 as an object for 
measurement is a defective article which has such a 
foreign article 22 as shown in (1) at a bottom border 
portion thereof. In this instance, images 22a originat- 
ing from such foreign articles 22 have a high bright- 
ness as shown in (2) of FIG 4, and if they are binary 
digitized as shown in (3) of FIG. 4, then most of them 
remain as shown in (4) of FIG. 4. 

The image processing apparatus 19 counts, af- 
ter binary digitization, the numbers of times by which 
the threshold values are exceeded for the individual 
solid state image pickup elements of the camera 16 
and stores them as abnormality values in a sense. (5) 
of FIG. 3 shows that one of the images 21 a of the pro- 
truded portions 21 described above remains even af- 
ter binary digitization because the brightness is high 
and this is detected as a low abnormality value. On 
the other hand, (5) of FIG. 4 shows that the images 
22a originating from the foreign articles 22 are detect- 
ed as high abnormality values. 

Since the transparent glass vessel 1 is imaged 
obliquely from below by the camera 16 while it is be- 
ing rotated as described above, the size of the image 
is apparently different due to the difference in posi- 
tion among the solid state image pickup elements of 
the line image sensor 20 of the camera 16, and ac- 
cordingly, deviations of abnormality values arising 
from the difference in positions of the solid state im- 
age pickup elements are produced among the solid 
state image pickup elements. Therefore, in order to 
compensate for such deviations, the image process- 
ing apparatus 1 9 multiplies the abnormality values by 
correction coefficients determined in advance in ac- 
cordance with the positions of the solid state image 
pickup elements to effect abnormality value correc- 
tion (area correction of a bright portion after binary 
digitization). (6) of FIG. 3 shows that abnormality val- 
ue correction has been performed for (5) of FIG. 3, 
and (6) of FIG. 4 shows that abnormality value correc- 
tion has been performed for (5) of FIG. 4. 

Thereafter, the image processing apparatus 19 
sums the thus corrected abnormality values for the 
predetermined inspection area within one screen (for 
one rotation of the transparent glass vessel 1), and 
compares the sum value (total area of the brightness 
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portion or portions after binary digitization) with a pre- 
scribed value. If the sum value exceeds the prescri- 
bed value, then the image processing apparatus 19 
determines that the transparent glass vessel 1 is a de- 
fective article (having a foreign article), but if the sum 5 
value does not exceed the prescribed value, then the 
image processing apparatus 19 determines that the 
transparent glass vessel 1 is an acceptable article 
having no foreign article, and the image processing 
apparatus 1 9 sends a signal representative of a result w 
of the determination to the control apparatus 6. The 
control apparatus 19 having received the signal 
sends an inspection completion signal for one trans- 
parent glass vessel to a motor control circuit 23 for 
controlling the servomotor 8, and when the transpar- 15 
ent glass vessel 1 is a defective article, the control ap- 
paratus 19 sends an exclusion signal to a handling 
apparatus 24 to exclude the transparent glass vessel 
of the defective article. Since, if the corrected abnor- 
mality values are summed, then a small bright portion 20 
of a high brightness of an acceptable article of FIG. 3 
which does not originate from a foreign article and re- 
mains up to the stage of (6) of FIG. 3 is eliminated, the 
transparent glass article in this instance is not deter- 
mined as a defective article. 25 

Having now fully described the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto with- 
out departing from the scope of the invention as set 
forth herein. 30 



Claims 

1 . An apparatus for inspecting a bottom border por- 35 
tion of a transparent glass vessel for a foreign ar- 
ticle, characterized in that it comprises: 

rotation means (4) for rotating a transpar- 
ent glass vessel (1) around a vertical axis at an 
inspection position; 40 

a diffusion light source (10); 

a first polarization filter (15) arranged in 
front of said diffusion light source (10) and having 
a vertical optical axis for polarizing light from said 
diffusion light source (10) and projecting the po- 45 
larized light upon the transparent glass vessel 

d); 

a solid state image pickup element camera 
(16) disposed with an angle of depression with re- 
spect to the axis of the transparent glass vessel so 
(1) for imaging a bottom border portion of the 
transparent glass vessel (1 ) obliquely from below 
on the opposite side to said first polarization filter 
(15) with respect to the transparent glass vessel 

(1); 55 

a second polarization filter (18) having a 
polarization axis perpendicular to that of said first 
polarization filter (15) and arranged for introduc- 



ing the light polarized by and transmitted through 
the transparent glass vessel (1) into said solid 
state image pickup element camera (16); 

image fetching means (19) for fetching 
outputs of solid state image pickup elements of 
said solid state image pickup element camera 
(1 6) at a period conforming to a speed of rotation 
of the transparent glass vessel (1) by said rota- 
tion means (4); 

storage means (1 9) for storing the outputs 
thus fetched as digital values for at least one ro- 
tation of the transparent glass vessel (1); 

abnormal value detection means (19) for 
comparing magnitude of the digital values with 
threshold values set for the individual solid state 
image pickup elements in accordance with their 
positions and determining the numbers of times 
by which the threshold values are exceeded as 
abnormality values; 

correction means (19) for multiplying the 
abnormality values by correction coefficients de- 
termined in accordance with the positions of the 
solid state image pickup elements; and 

foreign article presence/absence determi- 
nation means (19) for determining presence or 
absence of a foreign article in the transparent 
glass vessel (1) from the corrected abnormality 
values. 

2. An apparatus for inspecting a bottom border por- 
tion of a transparent glass vessel for a foreign ar- 
ticle as set forth in claim 1, characterized in that 
the angle (6) of depression of said solid state im- 
age pickup element camera (16) is 50 to 60 de- 
grees, preferably about 55 degrees. 

3. An apparatus for inspecting a bottom border por- 
tion of a transparent glass vessel for a foreign ar- 
ticle as set forth in claim 1 , characterized in that 
said foreign article presence/absence determina- 
tion means (1 9) sums up the corrected abnormal- 
ity values only for a preset inspection area and 
compares the sum value with a prescribed value 
to determine presence or absence of a foreign ar- 
ticle. 
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